We determined the complete nucleotide sequence of baboon endogenous virus (BaEV) strain M7. The total length of the retroviral DNA is 8,507 base pairs. The order of viral proteins encoded is N112-p12-p15-p30-p10-COON in the gag, NHZ-protease-reverse transcriptase-endonuclease-COON in the pol, and N112-gp70-p20E-COON in the env genes. The transmembrane env protein, p20E, contains an amino acid sequence closely related to the "immunosuppressive peptide." Uncharacteristically, the pot and env genes do not overlap and are translated in the same frame. The deduced amino acid sequence of BaEV is related to 1) reticuloendotheliosis virus strain A in both the pol and env regions, 2) murine leukemia viruses in the pol but not in the env region, 3) simian type D retroviruses in the env but not in the pot region. This suggests that env genes in retroviruses may have been independently interchanged during evolution.
INTRODUCTION
The M7 strain of baboon endogenous virus (BaEV) is a type C retrovirus originally isolated from a baboon placenta by cocultivation with a human rhabdomyosarcoma cell line, A204 . BaEV is able to replicate in cultured cells of several diverse mammalian species Todaro et al. 1974) . Amino acid sequence analysis together with biochemical and immunological studies showed that BaEV is closely related to RD-114, a prototype feline endogenous type C retrovirus (Oroszlan et al. 1975; Oroszlan and Gilden 1980; Copeland et al. 1981) . In addition, DNA hybridization studies showed that the genomes of two type D retroviruuses, Mason-Pfizer monkey virus (MPMV) and squirrel monkey retrovirus, have homologies at the 3' end with that of BaEV (Cohen et al. 1982 ) . In our laboratory, unintegrated circular DNAs of the BaEV provirus have been cloned into bacteriophage A , and the nucleotide sequence of the long terminal repeat (LTR) has been described (Tamara et al. 1981) . Tamura (1983) has reported the nucleotide sequence of the 5' third of the BaEV DNA, which showed that the nucleotide and amino acid sequences of BaEV are closely related to those of Moloney murine leukemia virus (Mo-MuLV).
Retroviral genomes typically contain three coding regions: gag encoding internal capsid proteins; poi, enzymes for integration into the host chromosome; and env, envelope glycoproteins.
To understand the full genomic structure and the phylogeny of BaEV, we determined the complete nucleotide sequence of BaEV strain M7. Comparing amino acid sequences encoded by the poi and env genes of BaEV with those of other retroviruses separately, we found that the poi gene of BaEV is related to those of typical mammalian type C retroviruses but that the env gene is related to those of type D retroviruses, we discuss the origin of such a differential relatedness of BaEV to other retroviruses.
2, MATERIALS AND METHODS
The insert of clone ABEV31, a molecular clone of an unintegrated DNA of the BaEV strain M7 provirus with one LTR , was sequenced. This DNA clone is able to produce reverse transcriptase activity in the culture supernatant of A204 cells after transf ection. The dideoxy method (Sanger et al. 1977 ) was mainly used for sequencing. To start sequencing from various points on the BaEV DNA, deletion mutants were made by degradation from the termini of the subcloned DNAs with Bal 31 nuclease. The chemical cleavage method (Maxam and Gilbert 1977) was also used to determine the nucleotides not clearly determined by the dideoxy method. All the sequences were determined on both DNA strands.
A homology search of sequences on a two-dimensional homology matrix comparison was conducted with a computer program developed by T. Inoue (personal communication).
Other sequence analyses were conducted with SDC-GENETYX programs (Software Development Co., Ltd., Tokyo). Fig. 1 shows the complete nucleotide sequence of BaEV strain M7, the total length of which is 8,507 base pairs (bp).
RESULTS AND DISCUSSION
LTR, the 5' Noncoding Region and the gag Gene Tamura (1983) previously reported the nucleotide sequence from the 5' LTR to the 5' proximal region of the pol gene of BaEV. The DNA clone used in his study, ABEV 11, has two LTRs and has not been shown to be infectious. In this study, we used an infectious clone with one LTR, ABEV31, for sequencing. The nucleotide sequence described here is different to some extent from that reported by Tamura: 16 substitutions, 9 insertions, and 4 deletions. The homology of the two nucleotide sequences is 97.80. Nevertheless, Tamura's assignments of the signal sequences in the LTR and 5' noncoding region, e.g., a capping site, a primer binding site, and a splice donor, are not inconsistent with our results. The boundaries of four gag proteins (p12, p15, p30, and p10) are assigned on our sequence data (Fig, l) by methods similar to those described by Tamura (1983) . However, the amino acid sequence translated from our nucleotide sequence is different from the previous one. Especially, the sequence of 14 amino acids (nucleotides 1,949 to 1,990) at the COOH end of the p30 protein is completely different.
Our amino acid sequence in this region is homologous with the corresponding sequence of Mo-MuLV (Shinnick et al. 1981) , but the sequence reported by Tamura is not. In addition, the amino acid sequence of a potential coding region prior to the p12 protein is largely different from Tamura's.
The pol Gene
The pol gene extends from nucleotides 2,153 to 5,746. The amino acid sequence of proteins encoded by the BaEV pol gene is not available so far. We predict the genetic organization of the BaEV pol gene with the help of information on the Mo-MuLV pot gene whose amino acid sequence (Shinnick et al. 1981 ) is highly homologous with that of the BaEV pol gene, as shown in Fig. 3A . The poi gene of murine leukemia viruses consists of three distinct regions encoding a protease, a reverse transcriptase, and an endonuclease (Levin et al. 1984) . Recently the NH2-and COON-terminal amino acid sequences of both the protease and reverse transcriptase of Mo-MuLV were determined (Yoshinaka et al. 1985; Copeland et al. 1985a) , allowing us to tentatively locate the proteolytic sites. The protease of BaEV is encoded from 2,153, because two amino acids at 2,153-2,158, threonine-leucine, are identical to the NH2 terminus of the Mo-MuLV protease, and adjacent to the COON terminus of the p10 gag protein. The colon for this NH2 terminus of the BaEV protease is located 21 by upstream from the termination codon of the gag gene at 2,174 (Fig. 1) . The termination colon (UAG) may be translated as glutamine with suppressor tRNA to synthesize a gag-pol precursor polyprotein, as shown in Mo-MuLV (Yoshinaka et al. 1985) . The boundary between the protease and reverse transcriptase of BaEV is between leucine and threonine at 2,534-2,539, because this sequence is also found at the corresponding boundary in Mo-MuLV (Yoshinaka et al. 1985) , and the amino acid sequences of BaEV and Mo-MuLV spanning this site are well aligned with each other. The endonuclease of BaEV may start from isoleucine-glutamic acid at 4,568-4,573 which also appears at the NH2 terminus of the Mo-MuLV endonuclease (Shinnick et al. 1981; Yoshinaka et al. 1985) . Nucleotide 1 is a capping site. As the BaEV clone used for this study, ABEV31, has one LTR, the nucleotide sequence of a second LTR is reconstructed.
Inverted repeats previously assigned (boxes a and c) and atypical inverted repeats (boxes b and c) in LTR are shown. The biological function of the latter is unclear. Important termination colons are denoted by three asterisks.
Potential glycosylation sites in the env proteins are noted at N-X-S or N-X-T (< >). The immunosuppressive peptide is underlined.
PBS, primer binding site; PPT, polypurine tract; PR, protease; RT, reverse transcriptase; EN, endonuclease; SD, splice donor; SA, splice acceptor.
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The env Gene
The env gene extends from 5,813 to 7,504. The open reading frames of the env and poi genes in BaEV do not overlap unlike those of most retroviruses Fig. 1-2 (Coin 1985). These two genes are translated in the same frame and separated by a sequence of 66 by containing three termination codons. These accumulated nonsense codons may be helpful in ; preventing reading through from the poi into the env. gene. A splice acceptor sequence can be assigned to CCTACAGG at 5,404-5,411, because it has a good match with the consensus sequence of the acceptor (Mount 1982) , and is located at a position corresponding to that of the MoMuLV acceptor sequence that has been confirmed by analysis of the mRNA (Bosselman et al. 1982) . A splice donor sequence at 260 has already been Fig. 2 . Alignment of the "immunosuppressive peptides" from a number of retrovirus transmembrane envelope proteins. The data for other retroviruses are derived as follows: REV-A, reticuloendotheliosis virus strain A (Wilhelmsen et al. 1984) ; MPMV (Sonigo et al. 1986 ) : SRV-1, simian acquired immune deficiency syndrome retrovirus (Power et al. 1986 ) ; Mo-MuLV (Shinnick et al. 1981) ; AKV, AKR murine leukemia virus (Herr 1984) ; FeLV, feline leukemia virus (Nunberg et al. 1984) ; HTLV-I, human T-cell leukemia virus type I (Seiki et al. 1983) ; RSV, Rous sarcoma virus (Schwartz et al. 1983) . CKS-17 is a synthetic immunosuppressive peptide (Cianciolo et al. 1985) . Identical residues are boxed. assigned by Tamura (1983) . This splicing scheme brings the first ATG triplet at 5,813 on the env mRNA of BaEV to encode the NH2 terminus of the env polyprotein, as well as in Mo-MuLV (Shinnick et al. 1981) .
The env polyprotein of BaEV is cleaved into an outer membrane protein, gp70, (Stephenson et al. 1976 ) and a transmembrane protein, p20E, (Copeland et al. 1985b ). The NH2-terminal sequence of 20 amino acids in the env polyprotein consists of many hydrophobic residues, suggesting that this may correspond to a signal peptide sequence. The NH2-terminal 78 amino acid sequence of p20E has been determined (Copeland et al. 1985b) , and found to coincide well with amino acid sequence deduced from our results. Thus, the env polyprotein is cleaved before the alanine at 6,941, resulting in gp70 (NH2-terminal part) and p20E (COOH-terminal part). This assignment is supported by the presence of an arginine/lysine-rich sequence (nucleotides 6,929-6,940) which always precedes the cleavage site between the outer-and transmembrane domains of retroviral env polyproteins.
The amino acid sequence of gp70 includes ten potential NH2-linked glycosylation sites, and that of p20E includes one (Fig. 1) . The transmembrane protein, p20E, has two highly hydrophobic regions (amino acids 1-32 and 120-153) and these regions are assumed to reside in the membrane.
The so-called "immunosuppressive peptide" (Cianciolo et al. 1984 (Cianciolo et al. , 1985 is found in transmembrane envelope proteins of a wide range of lymphotropic retroviruses and is assumed to be one of the pathogenic factors of the retroviral infection. BaEV also has an amino acid sequence homologous with that of this peptide in p20E (Figs. 1 and 2 ). The presence of the "immunosuppressive peptide" in p20E may explain a previous finding that disrupted BaEV inhibits the blastogenic response of human lymphocytes to concanavalin A (Denner et al. 1980) .
Amino Acid Sequence Comparison with Other Retroviruses
We extensively compared the amino acid sequences encoded by the BaEV genome with those of other retroviruses whose nucleotide sequences are available. Reticuloendotheliosis virus strain A (REV-A) is closely related to BaEV in both the pol and env regions (Figs. 3E and 3F ). On the other hand, Mo-MuLV shares good homology with BaEV in the poi, but not in the env regions except for the "immunosuppressive peptide" discussed above (Figs. 3A and 3B) . AKR and Friend marine leukemia viruses show a homology pattern similar to that of Mo-MuLV (data not shown). In contrast, MPMV shows good homology with BaEV in the env region but poor homology in the poi region (Figs. 3C and 3D ), as does simian acquired immune deficiency syndrome retrovirus (data not shown). We emphasize that the boundary between the poi and env genes of BaEV coincide with that between the 3' and 5' ends of the regions homologous with Mo-MuLV and MPMV, respectively, while the homology profiles in the gag gene are similar to those in the pol gene if BaEV is compared with the other retroviruses examined. Therefore, the structure of the BaEV genome is chimeric; the gag-pol region is closely related to that of marine type C retroviruses and the env is related to that of simian type D retroviruses.
The chimeric structure of the BaEV genome could have been generated by accumulated mutations or recombinations during evolution. BaEV and MoMuLV may be derived from a common ancestor. The pressure of acquiring more efficient interactions between viruses and the host cell receptors may select for particular viruses, resulting in the diverse amino acid sequences in their env regions. On the other hand, retroviral pot genes are more conserved because the functions are relatively independent of the host cells. However, this hypothesis cannot easily explain why REV-A, an avian retrovirus, has an env sequence that is highly homologous with that of BaEV. One possible explanation for this is that REV-A is derived from a retrovirus related to BaEV that was recently transmitted to birds by horizontal infection. Sonigo et al. (1986) have recently determined the nucleotide sequence of MPMV and proposed that the type D retroviruses are derived from a progenitor related to the type A or B retroviruses that underwent recombination with the env region of a primate type C virus. If their hypothesis is correct, our results suggest that a certain type C retrovirus that participated in this recombinational event was very close to BaEV because the env genes of type D retroviruses are most closely related to that of BaEV. Alternatively, the env genes of BaEV and MPMV may have been derived from a common ancestor gene and the recombinational events have occurred in these two viruses independently.
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